Background: Food allergies are a growing health problem, and the development of
| INTRODUCTION
Immunoglobulin E (IgE)-mediated food allergies are a rapidly growing health problem in industrialized societies. Although the determination of the exact prevalence is hampered by nonoverlapping diagnostic definitions, estimates for US adults and children was currently estimated to be 5% and 8%, respectively. 1, 2 In food-allergic patients, exposure to minor quantities of food allergens elicits type I hypersensitivity reactions, which are responsible for symptoms that range in severity from oral tingling and nausea to profuse diarrhea and anaphylactic shock. [3] [4] [5] [6] Allergic reactions to food can be fatal and are a common reason for emergency room visits and hospitalization. 5, [7] [8] [9] Therefore, considerable research effort is dedicated to understanding the pathophysiology of IgE-mediated food allergies. 10, 11 Allergic sensitization results from perturbations in the pathways that normally maintain a state of immune tolerance to innocuous food antigens. 12, 13 Under physiological circumstances, antigen presentation of food components by dendritic cells results in anergy or deletion of reactive T cells and the induction of FOXP3 + regulatory T cells (Tregs). In food-allergic patients, however, exposure to intestinal allergens gives rise to Th2-primed effector T cells. 14 These allergen-specific T cells will respond to subsequent allergen encounters with production of IL-4 and IL-13, which induces class switching to IgE and IgG4 (in humans) and IgG1 (in mice) in allergenspecific B cells. 3, 4 Food-specific IgE circulates in serum and binds to its high-affinity IgE Fc receptor (FceRI), which is constitutively expressed on mast cells (MCs) and basophils. 15 During the allergic effector phase, the innate effector cells respond to antigenmediated cross-linking of IgE-loaded FceRI with rapid secretion of preformed inflammatory mediators, such as histamine and proteases, that mediate the local and systemic symptoms associated with type I allergic reactions. 3, 16 Epidemiologic studies have identified numerous associations between microbial, environmental, and nutritional factors and the occurrence of food allergy, [17] [18] [19] [20] but experimental and mechanistic evidence to prove causality remains scarce. This gap in our understanding is, at least in part, attributable to the lack of animal models that mimic allergic sensitization as it occurs in humans. Wildtype mice are highly resistant to the induction of IgE-mediated immune responses to food, attesting to the robustness of the regulatory mechanisms that underlie oral tolerance. 21 Consequently, experimental models of murine food allergy require sensitization to induce systemic production of antigen-specific IgE prior to intestinal allergen challenge. 21 Commonly strategies rely on intraperi- ).
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| ImmunoCAP ISAC microarray
Allergen-specific IgE and IgG4 were detected using the 
| Flow cytometric analysis of basophils

| mRNA expression analysis
Intestinal Mcpt1 mRNA levels were determined as described using iQ SYBR Green Supermix (Hercules, CA, USA). 23 
| Mast cell histology
Mast cells were quantified using chloroacetate esterase staining as previously described. Patients with food allergy are at increased risk of sensitization to other food antigens. 29, 30 To assess whether polysensitization is also a feature of WAS-associated food allergy, we performed an immunochip-based microarray that screens IgE reactivity against 112 molecular allergens, 43 of which are antigens from 17 different foods including peanut, tree nuts, milk, soy, and shrimp ( Figure 1 ). In three of five patients with WAS, IgE with specificity for food was detected. Serum-sensitized patients with WAS contained IgE with reactivity for more than one allergen in a single food group or IgE with specificity for at least two different foods. Similarly, four of six food-allergic patients were polysensitized to food ( Figure 1A ). To further compare the humoral antifood response, we screened for the presence of food-specific IgG4. 31, 32 IgG4 reactivity against food antigens was common even in control subjects and did not distinguish between groups ( Figure 1B ). These results demonstrate a compara- (BSA) as a specificity control. In line with previously reported data, 22, 27 WT-OVA/alum mice were resistant to oral anaphylaxis defined as a drop in body temperature upon intragastric OVA challenge after sensitization (Fig. S3B ). MCPT1 is a mast cell protease that is released from mucosal MCs upon allergen-dependent crosslinking of IgE and is used as a serum marker for the severity of experimental food allergy. 26 We have shown that serum MCPT1 Figure 4A,B) . Systemic anaphylaxis occurred in 19 of 20 Was À/À animals (95%) with a mortality rate greater than 50%
( Figure 4C ). These results show that spontaneous sensitization to food antigens in Was À/À mice in the absence of adjuvant is sufficient to mediate lethal anaphylaxis upon systemic antigen exposure.
This susceptibility of Was À/À mice to lethal anaphylaxis was unexpected as decreased mediator release in the absence of WASP and resistance to passive anaphylaxis in Was À/À mice have been reported. 37 To investigate the consequences of WASP deficiency for MC degranulation, we generated BMMCs from WT and Was À/À mice on the BALB/c or C57BL/6 background (Fig. S4 ). Mast cells from each strain differentiated normally with no significant difference in surface expression of cKit or FceRI (Fig. S4) . A modest decrease in degranulation upon challenge in the low antigen concentration range was observed, but this difference did not achieve statistical significance, nor were differences observed over a broad range of concentrations ( Figure 4D ). This set of experiments demonstrated that the spontaneous Was À/À model is a valuable asset for studying anaphylactic shock in hosts with low allergen-specific IgE titers.
| Spontaneous oral sensitization occurs independently of FceRI-mediated IgE signals
Recent studies implicated a role for IgE/FceRI-mediated signals in the expansion of mucosal MCs and the pathogenesis of food allergy. 28, 38 To address whether IgE/FceRI signals contribute to spontaneous oral sensitization and the development of IgE-mediated food allergy in Was À/À mice, we generated FceRI-deficient Was enable studies that seek to define intervention strategies for food allergy in the absence of inflammatory adjuvants, which are confounding factors of isomorphic murine models. 21 When comparing food allergy in pediatric patients with WAS to patients with common food allergies in the general pediatric population, we found that sera from patients with either condition showed similarly increased serum IgE. Analysis of the IgE and IgG4 reactivity patterns showed highly comparable specificity profiles for food allergens. Both food-allergic patient groups were polysensitized, and IgE reactivity was frequently directed against common allergy-inducing foods. 2, 11, 40 These observations indicate that the antigenicity of food is similar in WAS and food-allergic patients. One possibility is that IgE activates CD16 in Fcer1a À/À mice as previously described. 25 Alternatively, but not mutually exclusively, 
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